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(54) CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PURPOSE: To adequately control an air-fuel ratio of a mixture 
supplied to the combustion chamber of an engine by calculating 
the amount of a recirculation gas. and correcting the amount of 
adhered fuel and carried-away fuel in response to the 
calculated amount of the recirculation gas. 
CONSTITUTION: A throttle valve 3 is provided in the coursed 
of the intake pipe 2 of an engine 1. The throttle valve 3 outputs 
an electric signal corresponding to its opening so as to supply 
the signal to an electronic control unit(ECU) 5 for controlling 
the engine. The ECU 5 is especially provided with a calculating 
the amount of recirculation gas and a correcting means for 
correcting the predicted amount of fuel other than a calculating 
means for calculating the amount of supply fuel, a predicting 
means for predicting the amount of adhered fuel, etc. Then, the 
amount of recirculation gas is calculated, and the amount of 
supply fuel is corrected in accordance with the amount of 
adhered fuel and the amount of carried-away fuel corrected in 
response to the calculated amount of the recirculation gas. 
Thus, since an air-fuel ratio of a mixture supplied to the 

combustion chamber of the engine provided with an exhaust gas recirculation system, can be 
adequately controlled, characteristic of exhaust gas and operability of the engine can be improved 
much more. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A supply fuel quantity calculation means to compute the fuel quantity which should be supplied to 
this engine based on said engine's rotational frequency and loaded condition by being the control unit of the 
internal combustion engine having the exhaust air reflux device containing the reflux gas-control valve 
which controls the reflux to the inhalation-of-air system of exhaust gas, An adhesion fuel quantity prediction 
means to predict the adhesion fuel quantity adhering to the wall surface of said engine's inlet pipe, From the 
fuel adhering to said inhalation-of-air tube wall side, it has in said engine's combustion chamber, goes away, 
has away, and predicts and has fuel quantity away. A fuel quantity prediction means, A supply ftiel quantity 
amendment means to have away the fuel quantity computed by said supply fuel quantity calculation means 
with said adhesion fuel quantity, and to amend it according to fuel quantity, A fuel-injection means to inject 
the fuel of the amount amended by this supply fuel quantity amendment means within [ of said engine ] 
inhalation of air, In the control unit which has the reflux capacity control means which controls reflux 
capacity by controlling a reflux gas-control valve based on said engine's operational status The control unit 
of the internal combustion engine characterized by reflux capacity calculation means to compute said reflux 
capacity, and establishing said adhesion fuel quantity and a prediction fuel quantity amendment means to 
have away and to amend fuel quantity, according to this reflux capacity. 

[Claim 2] Said reflux capacity calculation means is the control unit of the internal combustion engine 
according to claim 1 characterized by computing reflux capacity based on the dynamic characteristics of 
said reflux gas-control valve and reflux gas, and said engine's rotational frequency and loaded condition. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the control unit which amends the fuel amount of supply in 
consideration of the point that the fuel especially injected within [ of an engine ] inhalation of air at the time 
of exhaust air reflux activation adheres to an inhalation-of-air tube wall about the control unit of the internal 
combustion engine having an exhaust air reflux device. 
[0002] 

[Description of the Prior Art] 

** In the internal combustion engine having an exhaust air reflux device, amending the fuel amount of 
supply is conventionally known at the time of exhaust air reflux activation, moreover, an exhaust air reflux 
way — on the way — there is actuation response delay of the reflux control valve boiled and arranged — 
taking into consideration — initiation or the termination stage of amendment of the fuel amount of supply — 
a reflux control valve - the valve-opening condition from a clausilium condition — or the control unit with 
which it was made to delay only the time amount according to engine operational status from the time of 
being switched conversely is also known conventionally (JP, 1-203641, A). 

[0003] ** There is a problem that some fuels which injected the fuel in the engine of the type injected within 
inhalation of air again adhere to an inhalation-of-air tube wall, and the fuel quantity to need is not inhaled in 
a combustion chamber. In order to solve this problem, the fuel quantity adhering to an inhalation-of-air tube 
wall and the amount which the adhering fuel evaporates and is inhaled in a combustion chamber are 
predicted, and the fuel-supply-control approach which determined fuel oil consumption in consideration of 
these amounts of prediction is learned conventionally (JP,61-126337,A). 
[0004] 

[Problem(s) to be Solved by the Invention] However, since the control approach of the above-mentioned ** 
was not taking into consideration the case where exhaust air reflux is performed regardless of the effect of 
the fuel with which the control unit of the above-mentioned ** adheres to an inhalation-of-air tube wall, the 
air- fuel ratio of the gaseous mixture supplied to a combustion chamber could not be correctly controlled 
only by having combined both to a request value, but the room of an improvement was left behind. 
[0005] This invention is made in view of an above-mentioned point, the air-fuel ratio of the gaseous mixture 
supplied to the combustion chamber of the internal combustion engine having an exhaust air reflux device is 
controlled appropriately, and it aims at offering the control unit which can raise an engine's exhaust gas 
property and operability more. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention is the 
control unit of the internal combustion engine having the exhaust air reflux device containing the reflux gas- 
control valve which controls the reflux to the inhalation-of-air system of exhaust gas. A supply fuel quantity 
calculation means to compute the fuel quantity which should be supplied to this engine based on said 
engine's rotational frequency and loaded condition, An adhesion fuel quantity prediction means to predict 
the adhesion fuel quantity adhering to the wall surface of said engine's inlet pipe, From the fuel adhering to 
said inhalation-of-air tube wall side, it has in said engine's combustion chamber, goes away, has away, and 
predicts and has fuel quantity away. A fuel quantity prediction means, A supply fuel quantity amendment 
means to have away the fuel quantity computed by said supply fuel quantity calculation means with said 
adhesion fuel quantity, and to amend it according to fuel quantity, A fuel -injection means to inject the fuel 
of the amount amended by this supply fuel quantity amendment means within [ of said engine ] inhalation of 
air, In the control unit which has the reflux capacity control means which controls reflux capacity by 
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controlling a reflux gas-control valve based on said engine's operational status According to a reflux 
capacity calculation means to compute said reflux capacity, and this reflux capacity, said adhesion fuel 
quantity and a prediction fuel quantity amendment means to have away and to amend fuel quantity are 
established. 

[0007] Moreover, as for said reflux capacity calculation means, it is desirable to compute reflux capacity 
based on the dynamic characteristics of said reflux gas-control valve and reflux gas, and said engine's 
rotational frequency and loaded condition. 
[0008] 

[Function] the adhesion fuel quantity which reflux capacity was computed and was amended according to 
this reflux capacity — and it has away and supply fuel quantity is amended according to fuel quantity. 
[0009] Moreover, reflux capacity is computed based on the dynamic characteristics of a reflux gas-control 
valve and reflux gas, and an engine's rotational frequency and loaded condition. 
[0010] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 
[001 1] Drawing 1 is the internal combustion engine (only henceforth an "engine") which equipped the 
exhaust air reflux device concerning one example of this invention, and the whole control-device block 
diagram, for example, the throttle valve 3 is formed in the middle of the inlet pipe 2 of the engine 1 of a 4- 
cylinder. The sensor 4 is connected with the throttle valve 3 whenever [ throttle valve-opening ] (thetaTH), 
the electrical signal according to the opening of the throttle valve 3 concerned is outputted, and the 
electronic control unit 5 for engine control (henceforth "ECU") is supplied. 

[0012] A few is prepared in the upstream for every gas column, while each injection valve is connected to 
the fuel pump of the inlet valve to which between an engine 1 and throttle valves 3 and an inlet pipe 2 do not 
illustrate a fuel injection valve 6 which is not illustrated, it connects with ECUS electrically and the valve- 
opening time amount of fuel injection is controlled by the signal from ECU5 concerned. 
[0013] The ignition plug 16 of each gas column of an engine 1 is electrically connected to ECUS, and 
ignition timing thetalG is controlled by ECU5. 

[0014] On the other hand, the absolute-pressure signal of a throttle valve 3 which the absolute-pressure 
(PBA) sensor 7 of inhalation of air is formed immediately down-stream, and was changed into the electrical 
signal by this absolute-pressure sensor 7 is supplied to said ECUS. Moreover, the intake-air temperature 
(TA) sensor 8 is attached in the lower stream of a river, the electrical signal which detects an intake-air 
temperature TA and corresponds is outputted, and ECUS is supplied. 

[0015] The engine water temperature (TW) sensor 9 with which the body of an engine 1 was equipped 
consists of a thermistor etc., outputs the temperature signal which detects the engine water temperature 
(cooling water temperature) TW, and corresponds, and supplies it to ECUS. The engine-speed (NE) sensor 
10 and the gas column distinction (CYL) sensor 1 1 are attached in the cam shaft perimeter or the crankshaft 
perimeter which an engine 1 does not illustrate. An engine speed sensor 1 0 outputs a pulse (henceforth a 
"TDC signal pulse") whenever [ predetermined crank angle ] for every 180-degree rotation of the, crankshaft 
of an engine 1 in a location, the gas column distinction sensor 1 1 outputs a signal pulse whenever 
[ predetermined crank angle / of a specific gas column ] in a location, and each of these signal pulses are 
supplied to ECUS. 

[0016] The three way component catalyst 14 is arranged at the exhaust pipe 13 of an engine 1, and purifies 
components in exhaust gas, such as HC, CO, and NOx. The upstream of the three way component catalyst 
14 of an exhaust pipe 13 is equipped with 02 sensor 12 as an exhaust gas concentration detector, and it 
detects the oxygen density in exhaust gas, outputs the signal according to the detection value, and supplies it 
to ECUS. 

[0017] Next, the exhaust air reflux device 20 is explained. 

[0018] End 21a opens for free passage to the three way component catalyst 14 upstream of an exhaust pipe 
13, and other end 21b is opening the exhaust air reflux way 21 of this device 20 for free passage to the 
throttle-valve 3 downstream of an inlet pipe 2, respectively. The exhaust air reflux valve (reflux gas-control 
valve) 22 and volume room 21 C which control the amount of exhaust air reflux in the middle of are 
interposed. [ this exhaust air reflux way 2 1 ] And this exhaust air reflux valve 22 is a solenoid valve which 
has solenoid 22a, and it connects with ECUS, and solenoid 22a is constituted so that whenever [ that valve- 
opening ] can make it change with the control signals from ECUS to a linear. The lift sensor 23 which 
detects whenever [ valve-opening ] is formed in the exhaust air reflux valve 22, and the detecting signal is 
supplied to ECU5. 

[0019] ECU5 distinguishes an engine operation condition based on the engine parameter signal from various 
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above-mentioned sensors etc., and it supplies a control signal to solenoid 22a so that deflection with a value 
LACT may be made [ whenever / valve-opening / of the exhaust air reflux valve 22 set up according to the 
absolute pressure PBA of inhalation of air, and an engine speed NE ] into zero whenever [ real valve- 
opening / of the exhaust air reflux valve 22 detected by the command value LCMD and the lift sensor 23 ]. 
[0020] in addition, this example ~ setting — ECU5 — a supply fuel quantity calculation means and an 
adhesion fuel quantity prediction means ~ it has away and a part of fuel quantity prediction means, supply 
fuel quantity amendment means, fuel-injection means, a reflux gas-control means, a reflux capacity 
calculation means, and a prediction fuel quantity amendment means are constituted. 

[0021] ECU5 operates the input signal wave from various sensors orthopedically, corrects a voltage level to 
predetermined level, and consists of 5d of output circuits which supply a driving signal to storage means 5c 
which memorizes various operation programs, the result of an operation, etc. which are performed by input 
circuit 5a which has the function of changing an analog signal value into a digital signal value, central data- 
processing circuit (henceforth "CPU") 5b, and CPU5b, and said fuel injection valve 6 etc. 
[0022] CPU5b calculates the fuel injection duration Tout of a fuel injection valve 6, and ignition timing 
thetalG of an ignition plug 16 according to an engine operation condition while distinguishing various 
engine operation conditions by 02 sensor 12, such as a feedback control operating range to theoretical air 
fuel ratio, and an open loop control operating range, based on various above-mentioned engine parameter 
signals. 

[0023] CPU5b controls further whenever [ valve-opening / of the exhaust air reflux valve 22 of said exhaust 
air reflux device 20 according to an engine operation condition ]. 

[0024] CPU5b outputs the signal which drives a fuel injection valve 6, an ignition plug 16, and the exhaust 
air reflux valve 22 through 5d of output circuits based on the result which computed as mentioned above and 
was determined. 

[0025] Drawing 2 is the flow chart of the program which performs calculation of the basic fuel quantity TIM 
and fundamental-points fire stage thetaMAP corresponding to valve opening/clausilium of the exhaust air 
reflux valve (henceforth a "EGR valve") 22. 

[0026] Although the basic fuel quantity TIM and fundamental-points fire stage thetaMAP are computed 
according to an engine speed NE and the absolute pressure PBA of inhalation of air, he is trying to compute 
them also in consideration of the switching condition of the EGR valve 22 by the program of drawing 2 
further by this example here. 

[0027] This program is performed for every generating of a TDC signal pulse synchronizing with this. In 
addition, in the following explanation, the time of valve opening of the EGR valve 22 is called "time of 
EGR ON", and the time of clausilium is called "time of EGR OFF." 

[0028] At step SI, it distinguishes whether this time value FEGR of the EGR flag set as a value 1 at the time 
of EGR ON (n) is a value 1, and it does not adhere to affirmation (YES) of the answer, and negation (NO), 
but distinguishes whether the last value FEGR of an EGR flag (n-1) is a value 1 (steps S2 and SI 1). 
[0029] The answer of step SI sets the predetermined value Noff (for example, 12) as the off-counter CEoff 
which counts the count of this program execution after shift (count of generating of a TDC signal pulse) to 
an OFF state from an EGR ON state at negation (NO), when the answers of step S2 are affirmation (YES), 
FEGR(n) =0 [ i.e., ], and FEGR(n-l) =1 (step S3), and it progresses to step S4. 

[0030] When both the answers of steps SI and S2 are negation (NO), FEGR(n) =FEGR(n-l) =0 [ i.e., ], it 
progresses to step S4 immediately and the counted value of the off-counter CEoff distinguishes whether it is 
a value 0. When the answer of step S4 is negation (NO), CEofE>0 [ i.e., ], only a value 1 carries out the 
decrement of the off-counter CEoff (step S7), and a value 2 is set as the mode status SEcal (step S8). Used 
in order that this mode status SEcal may distinguish OFF or its reverse transient from the ON state of EGR, 
an OFF state, or ON in continuing step S9, a value 2 shows that it is a transient to the OFF from ON. 
[003 1 ] In continuing step S9 and S 1 0, while computing the basic fuel quantity TIM by performing the 
program of drawing 3 and drawing 4 which are mentioned later, fundamental -points fire stage thetaMAP is 
computed by the program of drawing 5 mentioned later, and this program is ended. 

[0032] Since it is thought that it meant that the TDC signal pulse of the predetermined number (Noff) after 
shift occurred in the EGR OFF state, and the OFF state was stabilized when the answer of said step S4 is 
affirmation (YES), CEoff=0 [ i.e., ], a value 3 is set as the mode status SEcal (step S5). It is shown that a 
value 3 is an EGR OFF state. Subsequently, calculation at the time of EGR OFF, i.e., the usual TIM value 
and thetaMAP value, is performed (step S6), and this program is ended. 

[0033] FEGR(n) =1 when the answer of said step SI is [ the answer of step SI 1 ] negation (NO) in 
affirmation (YES) — and the predetermined value Non (for example, 1 0) is set as the on-counter CEon 
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which counts the count of this program execution after shift to an ON state from an EGR OFF state at the 
time of FEGR(n-l) =0 (step SI 2), and it progresses to step SI 3. 

[0034] When both the answers of steps SI and SI 1 are affirmation (YES), FEGR(n) =FEGR(n-l) =1 [ i.e., ], 
it progresses to step S 1 3 immediately, and the counted value of the on-counter CEon distinguishes a value 0 
or no. When the answer of step SI 3 is negation (NO), CEon>0 [ i.e., ], only a value 1 carries out the 
decrement of the off-counter CEon (step SI 8), and a value 0 is set as the mode status SEcal (step SI 9). It is 
shown that a value 0 is a transient from an EGR OFF state to an ON state. 

[0035] At continuing steps S20 and S21 , the program of drawing 3 -5 is performed like said step S9 and 
S10, and this program is ended. 

[0036] Since it is thought that it meant that the TDC signal pulse of the predetermined number (Non) after 
shift occurred in the EGR ON state, and the ON state was stabilized when the answer of said step S13 is 
affirmation (YES), CEon=0 [ i.e., ], a value 1 is set as the mode status SEcal (step SI 5). In addition, it is 
shown that a value 1 is an EGR ON state. At continuing steps SI 6 and SI 7, like said step S9 and S10, the 
program of drawing 3 -5 is performed and this program is ended. 

[0037] Drawing 3 is step S9 of the program of drawing 2 mentioned above, and the flow chart of the 
program which computes the basic fuel quantity TIM in S16 and S20. 

[0038] Step S In 31-33, the basic fuel quantity TIM, the EGR multiplier KEGR, and dead-time tau are 
computed according to the engine speed NE and the inlet-pipe internal pressure absolute pressure PBA 
which were detected. These parameters TIM, KEGR, and tau detect the map set up according to NE value 
and the PBA value, and are computed by performing a interpolation operation if needed. 
[0039] Since inert gas flows back in an inhalation-of-air system at the time of EGR ON, the EGR multiplier 
KEGR is a multiplier for amending a TIM value in the reduction direction in consideration of an inhalation 
air content decreasing substantially. In addition, (1-KEGR) is equivalent to rate EGRR/R of reflux. 
Moreover, dead-time tau is equivalent to the time amount taken for the reflux gas which passed the EGR 
valve 22 to arrive at a combustion chamber, and he is trying to express the time amount with this example 
by the count of generating of a TDC pulse. This dead-time tau is set as such a big value that [ as shown in 
drawing 6 , so that a PBA value increases, and ] NE value increases. 

[0040] At continuing steps S34 and S3 5, the net EGR multiplier KEGRN is computed by the program 
shown in drawing 4 , a degree type (3) amends a TIM value, and this (step S3 5) program is ended. 
[0041] 

TIM=TIMxKEGRN - (3) 

At steps S41-S43 of drawing 4 , since it distinguishes whether the value of the mode status SEcal set up by 
the program of drawing 2 is more nearly equal to any between 0, 1, and 2, and they are SEcal=3 when the 
values of negation (NO), i.e., SEcal, are not any of 0-2, either, all of these answers are EGR OFF states and 
it is not necessary to compute EGR reflux capacity, this program is ended immediately. 
[0042] When the answer of step S41 is affirmation (YES), SEcal=0 [ i.e., ] Since it is immediately after 
shifting to an ON state from an EGR OFF state, rate[ of EGR direct ]-EAN, and EGR-have, go away at the 
time of EGR OFF-ON, and a rate EBN is computed (steps S44-S46). When the answer of step S42 is 
affirmation (YES), SEcal=l [ i.e., ] Since it is in an EGR ON state, rate[ of EGR direct ]-EA, and EGR- 
have, go away, and EB is computed (steps S47 and S48). When the answer of step S43 is affirmation (YES), 
SEcal=2 [ i.e., ] When it is immediately after shifting to an OFF state from an EGR ON state, it rate[ of EGR 
direct ]-EAF(s), and EGR-has, and goes away at the time of EGR turning on and off, a rate EBF is 
computed (steps S49-S51), and it progresses to step S52. 

[0043] Among the reflux gas which passed the EGR valve 22 in a certain cycle, in the cycle, the rate EA of 
EGR direct is the rate of the gas inhaled in a combustion chamber, and it has it away EGR here. A rate EB It 
is the rate of the gas inhaled by the combustion chamber in the cycle among the reflux gas which passes the 
EGR valve 22 by last time, and is piling up in from the EGR valve 22 before a combustion chamber (mainly 
volume room 21C). According to the engine speed NE (tau) and the absolute pressure PBA (tau) of 
inhalation of air which were detected in front of tauTDC, it is read from the rate EA of EGR direct, EA map 
set up according to an engine speed NE and the absolute pressure PBA of inhalation of air as a rate EB was 
shown in drawing 7 by having away EGR, and EB map (steps S47 and S48). "tau" is computed at step S3 3 
of drawing 3 here. In addition, the value in front of tauTDC memorizes the detection value for past 20TDC 
in memory, and he is trying to read it according to S value. 

[0044] The rates EAN and EAF of EGR direct at the time of EGR OFF-ON and EGR turning on and off are 
also read from the EAN map set as the value corresponding to the dynamic characteristics of the reflux gas 
in each transient, and an EAF map (the format of a map is the same as that of drawing 7 ) according to NE 
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(tau) value and a PBA (tau) value (steps S44 and S49). Moreover, it EGR-has at the time of EGR OFF-ON 
and turning on and off, and it goes away and rates EBN and EBF are computed similarly (steps S45 and 
S50). In addition, the EAN map, the EAF map, the EBN map, and the EBF map are set as the value also in 
consideration of the response delay (time amount after outputting a control signal from ECU5 until the 
opening of the EGR valve 22 reaches a command value) of the EGR valve 22. 
[0045] At step S52, the demand reflux capacity (reflux capacity which passed the EGR valve 22 on 
appearance) gt is computed by the degree type (4). 
[0046] 

gt=TIM(tau) x (1-KEGR (tau)) - (4) 

It is shown here that (tau) is the value computed in front of tauTDC. 

[0047] At continuing step S53, the true reflux capacity gin inhaled in a combustion chamber is computed by 

the degree type (5). 

[0048] 

gin=EAxgt+EBxgc — (5) 

gc is reflux capacity which is piling up in after [ EGR valve passage ] volume room 21c etc., and is 

computed here at step S55 later mentioned at the time of this last program execution. 

[0049] At continuing step S54, the net EGR multiplier KEGRN is computed by the degree type (6). 

[0050] 

KEGRN=1 -gin/TIM - (6) 

Furthermore, at step S55, by the degree type (7), the stagnation capacity gc is computed and this program is 

ended. 

[0051] 

gc=(l-EA) xgt+(l-EB) xgc (7) 

gc of the right-hand side is a calculation value last time here. 

[0052] According to the program of drawing 4 , it rate[ of EGR direct ]-EA(s), and has, and goes away. A 
rate EB Since it is set as the value which considered the dead time (time amount after gas passes an EGR 
valve until it reaches a combustion chamber) of reflux gas, and the response delay at the time of closing 
motion actuation of an EGR valve The true amount gin of inspired gas obtained by the formula (5) with the 
application of these serves as a value in consideration of the effect of capacity which piles up in dynamic 
characteristics, i.e., the dead time, a volume room, etc. of reflux gas, and the dynamic characteristics of the 
EGR valve 22, and the reflux capacity inhaled in a combustion chamber is expressed correctly. Therefore, 
the exact basic fuel quantity TIM which considered the effect of reflux gas can be obtained by what is done 
to the basic fuel quantity TIM for the multiplication of the net EGR multiplier KEGRN obtained by the 
formula (6) ( drawing 3 , step S3 5). 

[0053] Drawing 5 is the flow chart of the program which computes fundamental-points fire stage thetaMAP. 

[0054] At step S61, from thetaMAP map for the time of the EGR OFF set up according to an engine speed 

NE and the absolute pressure PBA of inhalation of air According to NE value and the PBA value which 

were detected, fundamental-points fire stage thetaMAPO at the time of EGR OFF is read, and fundamental- 

points fire stage thetaMAPT at the time of EGR ON is read from thetaMAP map for the time of the EGR 

ON set up similarly according to NE value and the PBA value which were detected at step S62. 

[0055] At continuing step S63, fundamental-points fire stage thetaMAP is computed by the degree type (8). 

[0056] 

thetaMAP=(theta MAPT-theta MAPO) x (1 -KEGRN) 
/( 1 -KEGR)+thetaMAPO - (8) 

According to the formula (8), it is that used as KEGRN=1 (it is because it is set to gin=0 in said formula (6)) 
at the time of EGR OFF, and while being set to theta MAP=theta MAPO, in the condition that 
KEGR=KEGRN is materialized, it is set to theta MAP=theta MAPT at the time of EGR ON, and thetaMAP 
value turns into a value which carried out linear interpolation of thetaMAPT value and the thetaMAPO 
value in the state of KEGR!=KEGRN. Since fundamental-points fire stage thetaMAP is determined by this 
using the net EGR multiplier KEGRN computed according to the dynamic characteristics of an EGR valve 
and reflux gas at the time of EGR ON, ignition timing is correctly controllable to a request value. 
[0057] In addition, in this example, the command value LCMD is set as the value according to the EGR 
multiplier KEGR whenever [ valve-opening / of the EGR valve 22 ]. 

[0058] Drawing 8 is the flow chart of the program which computes fuel oil consumption (fuel injection 
duration) Tout. This program is performed for every generating of a TDC signal synchronizing with this. 
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[0059] At step S71, it has away with the rate A of direct, and a rate B is computed. It is the rate of the fuel 
inhaled in the combustion chamber in the form containing the amount inhaled by evaporation etc. in the 
cycle among the fuels which injected the rate A of direct in a certain cycle here, and it has away and a rate B 
is the rate of the fuel inhaled by the combustion chamber by evaporation etc. in the cycle among the fuels 
which adhered to the inhalation-of-air tube wall by last time. According to the detection value of TW value 
and a PBA value, it is read from the rate A of direct, A map to which the rate B was set according to the 
engine water temperature TW and the absolute pressure PBA of inhalation of air by having away, and B 
map. By performing a interpolation operation if needed at this time, it rate [ of direct ] A Reaches and has 
away, and a rate B is computed. 

[0060] At continuing step S2, it rate [ of direct ] A Reaches and has away, and the 1st amendment ****kA 
of a rate B and KB are computed. 

[0061] The 1st amendment ****kA and KB are set up according to an engine speed NE, as shown in 
drawing 10 (a). That is, it rate [ of direct ] A Reaches, and it has away, and both the 1st amendment ****kA 
of a rate B and KB are set up so that it may become so large that NE value increases. 
[0062] rate [ of direct ] A Here, when an engine speed NE goes up, since the inhalation-of-air rate of flow 
within inhalation of air becomes quick, it is because it reaches, and it will have away and a rate B will 
increase seemingly to make the 1st amendment **** kA3 and KB3 increase. 

[0063] the net EGR multiplier KEGRN which the EGR flag FEGR distinguished whether it was a value 1 , 
and was computed at step S54 of drawing 4 in continuing step S73 when the answer was during affirmation 
(YES), i.e., an EGR valve-opening valve, — responding — the rate A of direct — and it has away, the 2nd 
correction factor KEA and KEB of B is computed, and it progresses to step S76. The 2nd correction factor 
KEA and KEB is set up according to the value, as shown in drawing 10 (b) (1 -KEGRN). From said formula 
(6), the axis of abscissa (1 -KEGRN) of drawing 1 0 (b) is equal to gin/TIM, and equivalent to net rate (rate 
of reflux computed in consideration of effect of dynamic characteristics of EGR valve 22 and reflux gas) 
EGRR/RN of reflux. 

[0064] It was made for a KEA value and a KEB value to become small, so that rate EGRR/RN of net reflux 
becomes large, as shown in drawing 10 (b) because the thermal flux within inhalation of air (the amount of 
heat transfer per unit area) fell and it was hard coming to evaporate the fuel within inhalation of air so that 
reflux capacity increases. 

[0065] The answer of step S73 is negation (NO), FEGR=0 [ i.e., ], and when [ both ] it is among an EGR 
valve-closing valve, it progresses to step S76 by making the 2nd correction factor KEA and KEB into a 
value 1 .0 (step S74). 

[0066] step S76 — a degree type (9) and (10) — the rate Ae of amendment direct, and amendment 
********** Be - computing — farther (1-Ae) ~ and (1-Be) it computes and progresses to step (step S77) 
S78. 

[0067] Ae=AxKAxKEA - (9) 
Be=BxKBxKEB -(10) 

In addition, since Ae value, a value (1-Ae), and (1-Be) a value are used by the program of drawing 9 
mentioned later, they are stored in RAM in ECU5. 

[0068] At step S78, ****** at the time of engine starting is distinguished, when the answer is affirmation 
(YES), fuel oil consumption Tout is computed based on the basic fuel quantity TI for starting (step S84), 
and this program is ended. If it is not the answer of step S78 at the negative (NO), i.e., starting, time, the 
demand fuel quantity Tcyl for every gas column which does not include the addition correction term Ttotal 
mentioned later (N) will be computed by the degree type (11) (step S79). 
[0069] 

Tcyl(N) -TIMxKtotal (N) - ( 1 1 ) 

(N) shows a gas column number and the parameter to which this was given is computed for every gas 
column here. TIM is usually the basic fuel quantity at the time of operation (except the time of starting), and 
is computed according to an engine speed NE and the absolute pressure PBA of inhalation of air. Ktotal (N) 
is the product of all the correction factors (for example, the engine water temperature correction factor 
KTW, the Lean-ized correction factor KLS, etc.) computed based on the engine operation parameter signal 
from various sensors. However, the air- fuel ratio correction factor KO 2 computed according to the output 
of 02 sensor 12 is not included. 

[0070] At step S80, the combustion chamber supply fuel quantity TNET which is the fuel quantity which 
should be supplied to the combustion chamber of the gas column which corresponds by this fuel injection by 
the degree type (12) is computed. 
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TNET=Tcyl(N)+Ttotal-BexTWP (N) - (12) Here, Ttotal is the sum of all the addition correction terms (for 
example, acceleration increase-in-quantity correction term TACC etc.) computed based on the engine 
operation parameter signal from various sensors. However, the invalid time amount TV mentioned later is 
not included. TWP (N) is inlet-pipe adhesion fuel quantity (forecast) computed by the program of drawing 
9 , an inlet-pipe adhesion fuel has in a combustion chamber, is left, has (BexTWP(N)) away, and it is 
equivalent to fuel quantity. Since it has away and it is not necessary to newly inject a part for fuel quantity, 
he is trying to subtract at this rate from a Tcyl (N) value in a formula (12). 

[0071] At step S81, it distinguishes whether the TNET value computed by the formula (12) is larger than a 
value 0, and when the answer is negation (NO), TNET<=0 [ i.e., ], this program is ended, using fuel oil 
consumption Tout as 0. When the answer of step S81 is affirmation (YES), TNET>0 [ i.e., ], a Tout value is 
computed by the degree type (13). 
[0072] 

Tout=TNET(N) / AexK02+TV - (13) 

K02 is an air- fuel ratio correction factor computed based on the output of 02 sensor 12, and TV is an 
invalid time amount correction term here. 

[0073] When only the Tout value computed by the formula (13) opens a fuel injection valve 6, the fuel of 
the amount equivalent to (TNET(N) xK02+BexTWP (N)) is supplied to a combustion chamber. 
[0074] Drawing 9 is the flow chart of the program which computes the inlet-pipe adhesion fuel quantity 
TWP (N), and this program is performed synchronizing with generating of the crank angle pulse generated 
for every predetermined include-angle (for example, 30 degrees) rotation of a crankshaft. 
[0075] At step S91, it distinguishes whether the time of this program execution is within the period 
(henceforth an "injection control period") from operation initiation of fuel oil consumption Tout to fuel- 
injection termination, and when the answer is affirmation (YES), the 1st flag FCTWP (N) is set as a value 0 
(step S92), and this program is ended. When the answer of step S91 is not in negation (NO), i.e., an injection 
control period, it distinguishes whether said 1st flag FCTWP (N) is a value 1 (step S92). AATien this answer 
is affirmation (YES), FCTWP(N) =1 [ i.e., ], it progresses to step S101 immediately, and it distinguishes 
whether it is under [ fuel cut (fuel-supply cutoff) ] ****** at negation (NO), at i.e., the time of FCTWP(N) 
=0, (step S93). 

[0076] At the time of the answer of step S93 not negative (NO), i.e., fuel, cutting [ be / it ], the inlet-pipe 
adhesion fuel quantity TWP (N) is computed by the degree type (14) (step S94), the 2nd flag FTWPR (N) is 
set as a value 0, and the 1st flag FCTWP (N) is set as a value 1, respectively (steps S 100 and SI 01), and this 
program is ended. 
[0077] 

TWP(N) =( 1 -Be) xT WP(N) (n- 1 ) 
+ 1-Aex (Tout(N)-TV) - (14) 

TWP (N) and (n-1) are the last values of TWP (N), and Tout (N) is the newest fuel oil consumption 
computed by the program of drawing 8 here. Moreover, the 1st term of the right-hand side is equivalent to 
the ftiel quantity which remained without being away held this time also among the fuels which had adhered 
last time, and the 2nd term of the right-hand side is equivalent to the fuel quantity which newly adhered to 
the inlet pipe among the fuels injected this time. 

[0078] While the answer of said step S93 is affirmation (YES), i.e., fuel, cutting, it distinguishes whether the 
2nd flag FTWPR (N) is a value 1 (step S95). When this answer is affirmation (YES), FTWPR(N) =1 [ i.e., ], 
it progresses to said step SI 01 immediately, and by the degree type (15), the adhesion fuel quantity TWP 
(N) is computed to negation (NO), at i.e., the time of FTWPR(N) =0, (step S96), and it progresses to step 
S97atit. 
[0079] 

TWP(N) =(1-Be) xTWP (N) (n-1) - (15) 

A formula (1 5) is equivalent to what deleted the 2nd term of the right-hand side from said formula (14). It is 
because there is no fuel which is fuel cutting and newly adheres. 

[0080] At step S97, it distinguishes whether a TWP (N) value is larger than the minute predetermined value 
TWPLG, and when the answer is affirmation (YES), i.e., TWP(N) >TWPLG, it progresses to said step 
SI 00. When the answer of step S97 is negation (NO), i.e., TWP(N) <=TWPLG, it is referred to as TWP(N) 
=0 (step S98), the 2nd flag FTWPR (N) is set as a value 1 (step S99), and it progresses to said step SI 01 . 
[0081] The fuel of the suitable amount in consideration of the fuel quantity away held from the fuel quantity 
adhering to an inlet pipe and the adhering fuel can be supplied to the combustion chamber of each gas 
column by being able to compute the inlet-pipe adhesion fuel quantity TWP (N) with a sufficient precision, 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 4/18/2006 



JP 5 05-1 182 3 9,A [DETAILED DESCRIPTION] 



Page 8 of 8 



and using the TWP (N) value computed further for calculation of fuel oil consumption Tout in the program 
of drawing 8 by the program of drawing 9 . 

[0082] Moreover, in this example, since it is amended by the rate A of direct, and the 2nd correction factor 
KEA and KEB which it has away and by which B is computed according to rate EGRR/RN of net reflux (= 
1-KEGRN), fuel oil consumption can be computed by the ability to also consider the effect of reflux gas. 
Consequently, the air-fuel ratio of the gaseous mixture supplied to the combustion chamber of each gas 
column is correctly controllable to a request value. 

[0083] Furthermore, in this example, since correction factors KEA and KEB were computed according to 
rate EGRR/RN of net reflux computed in consideration of the dynamic characteristics of an EGR valve and 
reflux gas, the amendment in which the effect of reflux gas which piles up in from the response delay of an 
EGR valve or an EGR valve before a combustion chamber was also reflected is attained, and more exact Air 
Fuel Ratio Control can be performed. 

[0084] In addition, according to LACT, you may compute whenever [ real valve-opening / by which the 2nd 
correction factor is detected by KEA and KEB is detected by the command value LCMD or the lift sensor 
23 whenever / valve-opening / of not rate EGRR/RN of net reflux but rate EGRR/R of reflux (= 1-KEGR 
and KEGR are EGR multipliers computed at step S32 of drawing 3 ), or the EGR valve 22 ]. Moreover, 
what is necessary is just to compute according to a certain detection parameter or prediction parameter with 
which a flowmeter may be formed in the middle of, the 2nd correction factor KEA and KEB may be 
computed according to the detection value, and reflux capacity is expressed in short. [ the exhaust air reflux 
way 27 ] Also by such alternative technique, it becomes computable [ the fuel oil consumption which 
considered the effect of reflux capacity ], and exact Air Fuel Ratio Control can be performed. However, in 
the example mentioned above, since correction factors KEA and KEB are computed also in consideration of 
the dynamic characteristics of an EGR valve and reflux gas, also in OFF or its reverse transient, exact Air 
Fuel Ratio Control can be especially performed from EGR valve ON. 
[0085] 

[Effect of the Invention] As explained in full detail above, according to the control unit of claim 1, reflux 
capacity is computed and the air- fuel ratio of adhesion fuel quantity and the gaseous mixture which predicts 
the effect of adhesion fuel quantity correctly at the time of exhaust air reflux activation, and is supplied to an 
engine's combustion chamber since it has away and fuel quantity is amended can be appropriately controlled 
according to this reflux capacity. Consequently, an engine's exhaust gas property and operability can be 
raised more. 

[0086] Moreover, according to the control unit of claim 2, since it is computed by the dynamic 
characteristics of a reflux gas-control valve and reflux gas, and an engine's rotational frequency and load 
based on a condition, reflux capacity can predict correctly the reflux capacity actually inhaled in an engine's 
combustion chamber, and or it is in a idle state, exact Air Fuel Ratio Control of it becomes possible from the 
running state of exhaust air reflux especially at the time of the reverse shift. 

[Translation done.] 
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1 a3W»»Bl 3<D=tcI48I1 4±»WJCc. ttttZLbtf 

»s*iti>s. fir, coSf»fi8S^F2 2«v 

CU5*Cj8itS3ft, -ecD^fl3S^ECU5^6cD©iWf 



(3) «fPB¥5- 1 1 8 2 3 9 
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^>j7h-fe>if2 3^enrfcD l *©iftnjfi#tt 
ECU5fc«i£i*fts 0 

[0 0 19] ECU5tt±a0OSS-fe>-9"3^e>CDx>^ 

U ^SrtSlfeStfEPBAix^^viliEKNEitCJCS 
DT«^Sh4gf«Sayp2 2<D2fW«fMM»LCMD 
<h y ? b -fe 2 3 cc J: o r 3 hft« £UKft?F 2 2 
10 ©»f«fl[«LACTi©««**K:-j-SJ:5ecvu-/ 

f 2 2 a tc$fi®m-^*«^-r-s 0 

[0 02 0]^ *IIJfi««:*$l*T«. E C U 5 &Sftf& 

[ 0 0 2 1 ] E C U 5 tt*B-b>^6©A*«#«9B 
20 ^[HIgg5a. **?a#ft^@BS (JMT rcPUj <bl> 

5) 5b % cpus b-ejufT sn-ssajsfit^py^A 

[0 02 2] CPUS bttlJBtDSSx^*;^^^- 
^(t^S^C^T, O a -fe>1f 1 2«:<fc*ffi»S«Sit^ 

30 ^fH Tout JSlU&K7v V 1 6 CD^B$^ 6 I G£iH 

[0023] CPU5b«, MtCx>i»a<Ett«K:j£ 
O/clylBSf^l^^ 2 0 CDgfmii«t#2 2 <D^g§^$lJ 

[0024] CPU5b «±»©<fc ^ CC UT#ta. SUE 

[002 5]i2it S^Uffit^F (tiTTEGR^j t 
40 1^)22 CD^^/^mc*fjSUrS^*4ST I MS 

[0026] ccvm^mn&T i mso'i$^^b$ss 

0MAPit i>^>@|£«[NERCJf«a«rtl»3*lIP 
BACO£DTfffflSft£fe<D-C&S# % *Slif6WrttH 
Cda2O^P^ACCJ:0, EGR^2 2C0MBBtlt«* 

[0 02 7 ] *^P^7A«TDC«^;l/^CD^feS 

50 EGR^2 2(DPa^* r EGRt>^j <hC^ 



5 

l\ BJ#B#* r E GR^7B$j it^ Q 

[0 02 8] Xf^'SltU, EGRt>B$«:il 
SS?nSEGR77^4MFEGR (n) #ffi 1 
r*S*5*»«rWgOL, ^<D§©1#^ (YES) , SS 

(NO) , CC»6rEGR7^yo«r0filFEGR (n 
-l)*J«lt?*5**fflfr« Uf^S2, SI 

1) D 

[0 0 2 9] Xf^'S 1<D§#5S (NO) tXf 
7'S2©§^ (YES) % fiP^FEGR (n) =0 
^FEGR (n - 1 ) = KDtZiat^ EGRt>#! 

^CEof f CcBBSffiNo f f (WiLtf 1 2) 

[0 0 3 0] Xf-^'S lSC;S2©§^ifc(C§S 
(NO) . IP^FEGR (n) = F E GR (n-1) = 

T* v y'S 4 CDS^S^ (NO) , !P^CEoff>0<D 

>hl (Xf ^7'S7) % ^F^r-^XSEca l 
WB2£l&^r£ (Xt-*^^S8) 0 CfiD-t— FXr- 
^XSEcaUt i<Xf^S9m^ EGR 

To 

[0 0 3 1 ]i<Xf^S9, S 1 OtB, ffisrs 

[0 03 2] iiuK*f^:/S4<DS&*itg (YES) , 
SP^CE o f f =0<D±SCC«\ EGR*7«aBCC»tf 
f^f^tS: (No f f ) CDTDC{i^^X^|^L/cC 

- KXf-^^SEc a 1 fcffi3£BB£-r* (X?*vzf 
S5) „ ffl3» % EGR*7««r*SC4*St. -X 
EGR*:7B#<D V IP^ilStCDT I MfiM6>MA 
PflUDJUBifrt* (Xf-;7'S6) , *?P^A« 
7T£ 0 

[0 0 3 3] tWBX^»:/S 10l*sftjE (YES) "C 
X-r^^S 1 1©«#5JE (NO) (7)<*:^, gp^FEG 
R (n) = It^oFEGR (n - 1 ) =0CDi#«, 
EGRt7TO^t> tWIK»fT«©# y'U#52±<D 

Non <0IX.ttl 0) %«Beur (Xf^7*S 1 2) . 

xf i 3^ciit?o 

[0 0 3 4] Xr-;7'S IMS 1 1 CCitS 
(YES). IP^FEGR (n) = F EGR (n-1) 



(4) jftRjsps- i 1 8 2 3 9 
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= l<D£*CCtt, B^tC^'ry^S 1 3&Cil^ 
•)>^CEon©*')>h fi^I 0 -5 0 * 
-r^^S 1 3<D§#55£ (NO) , KCEon>0O 
<t£K:^ t7*^>^CEon^IlWf^^> 
hl> Uf^7'S18), *-FXf-^XSEcal 
«t0£l£^T& (Xf-;7*S 1 9) o ffiOt*. EGR 

* ^ tftK*> 6 * >tt«^oia«ttt«r * * c i 

[0 03 5] i<Xf 77*S20, S2 1ttt, buIE* 
y^yZfSQ, S 1 O<bp|«(C03— S<D7xi??&&m 
io t?U #:7a^A*te7-r*. 

[0 03 6 ] WfBXr ? ^S 1 3 ©S^tS (YE 
S) , W%CEon = OOi*K:B, EGR*>«3BCC 
mri£&tm%k (Non) ©TDCis^^3«4Lfc 

F^f-^XS E c a 1 tC<B 1 (**r 
7'S15) e ttfc. fit Hi, EGR^>«It^)6Ci 
JK^f'^SlB, S 1 7Tte\ HUfB^T-^ 
7*S9, SlOiRttlC, @3-5©7'D^7A^t 

20 [0 03 7 ] ^3«, ±3iL//cS2CD^ny^A(DXx 
^7*S9, S16MS2 0Wti$lf41TIM 

[0038] Xf-^SS 1-3 3W ^!±JU/cx> 
^>EH6ft N E Rtf R»«*EEIft*fBE P B A *Cj£ DT S 
*j^f4fiTIM, EGRMKEGRMWc^t^: 
ntti-?2>o Cft6<D>^^-£T I M. KEGRMt 

ttNEtfsvPBAfaec«r;rH3estiA:^^^*t(ka 

30 [0 03 9] EGR»»KEGRtt, EGR^>B${C(i 
jEr*fcaft©flHBrr*S. (l-KEGR)li, 

a«*EGRR/Rccfflar*. */c ^/c^par«. 

EGR#2 2*iBftO/<^ift^3^j|jK^(cSija-r4CD 

PJr«. W^.«H6{c5K-r<fc^CCPBAffl3WiW!jn"rS« 
£\ S/cNEffi^if^s«i'^:*^ffiCc|9:S$n-5 a 

40 [0040]i<Xf^S34, S3 5m B4K: 
^T^U^^ACC^OiEWEGR^KEGRN^SLW 
U TIMI4^S (3) K:J;9«IEl/T (X^^^S 
3 5)$^n^7A4»7n. 
[0 04 1] 

T I M= T I MXKEGRN - (3 ) 
i4<DXf •>7 , S41-S43tU i2(D7'P^7A 
r»5£Sftfc*- F^f-^XSE c a 1 <D®iP0. 
1. 2©t*mcc^F0C^**iJgiJ0, Cft£C7*g#T-< 
tS£ (NO) , iP^SEcal <Dm&0~-2<D^-rtl 
50 rtft^itfctt, S E c a 1 = 3*C$-?tEGRt7 



[0 04 2] ^f^7*S4 lOl^tS (YES), IP 
^SEcal=0(Dtt{t EGR*7W?>t>»; 
J»^<D»ffiSa"C*S©r, EGRt7-t>B$(DEG 
RittS*EANaafEGR#fe*D*EBN4*aiU 

(Xf >^S44-S46) , Xf^'S4 2<D§#W 
S(YES) k gp%SEcal = KDigH*. EGRt 

KlEBZn&L (Xf-^S47 t S48) . Xf^ 
S4 308#1»£ (YES) , IP^SEcal = 2cD£ 

i^CC(i, EGR*>-*7«F©EGRiSS*EAFS 
WEGRfSM&*9*EBF*WffiOT (Xf ^7*S49 
-S51) , ^7"S5 2^Mtf. 
[0 043] CCt, EGRtS$EA«, £>51t>r ^ 
Jl/CC*5C»T EGR#2 2*aaLfeSi«^/X6D^-fe. ^ 

EGR^4«EBIt BU@*-CtCEGR^2 2%a 
aurEGR#2 2fr6««SKr(DIB! (Siltgf 

^2 ic) wgurc^f^oH, -eoi^* 

^4 3 CCj^^^®A^n^>^CDt!l^7?$>^ e EGRl 
8*EAStfEGRJ$%S0$EBtt, ^7K^TJ:5 
OCX >5> >EH6ttN E ROTR»«l*i»*tEE P B A Ctj£ D * 



(5) 1 1 8 2 3 9 
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* XWlMZ tifcE A*e » ^S^E Bv^7>6rTDCi 

tc*as*ifcx>t?>iaia»NE (r)awMiwg» 

MPBA (r) CCj£0TR*tBSn-5 (Xr^S4 
7. S48) e CCC TtJ [i, H30Xf 7^S33 

*«»*2 0 TDC#4>tftfflffl*-rf* 'JCcEtturto 

[0044] EGRt7-t>NFMEGR^>-t7 
BfcDEGRiES^E ANM'E AFfe, *ti?tl<D&m 

/cEANv^7*MEAFv^ (v^7*(DMii@7 
iRia-C&i) 3^6, NE (r) fitt&O'PBA (r) fit 
CCFBDTR^ffiSnS U7-;7'S44, S49) 0 £ 
/c, EGR*7-*>«F2iCf*>-*7«F<DEGR»^ 
4o$ebn, EBFfcH«CCLT»ltiStt£ (*^? 
7'S45, S50) o ftto, EAN7 7 7\ EAF7? 
y\ EBN7^Si?EBF7^tt k E GR^f 2 2 <D 
jSSiitl (ECUS^^JfflJft^^rffi^LT^e. EG 
R^2 2<DBiKjWB^«ecarS-S*"C©^IB> *>**u 

[0 045] Xf^7"S52m (4) CCfcO, 
a^cjffift^^* <**>W-h. EGR^2 2*ii»Ufc« 

& t SJUH-r*. 
[0 046] 



fir t = T I M (r) x (1-KEGR (r ) ) 



(4) 



[0 047li<Xf^S5 (5) tc«fc 

0, jBfeS^tCKA^n^StCDSSS^Sg i n*JHfrr 

£«, 30 
[0 04 8] 

gin = EAXgt+EBxg C •» ( 5 ) 

CCrgcit EGR#ji®f£Sm^2 1 c*(c8BL 

g c = ( 1 - E A ) xg( + (1 

[0 0 5 2 ] H4<D^ny^ACCJ:titt, EGRIg^ 
EASOW50?EB(i 4 SSS^Otf^^H 

3WEGR^*aaura^6««SK:si*r<z>^iB) a 

^EGR#CDiaH^i6^CDJ^®n*^«L/cfflCCS« 40 
IRAtfJXSg i nte. fi»#x©«M#tt. WttimW 

&zr&9mttemmir2>Mxm<D9smt % egr#2 2 

©«i«Ftt***[LfcilittO, «S«a«:»A3n-Ba» 
^«*jE«[«:*Tfc©ttt*. ee^r, (6) ec«fc 
oT»6ftSjEttEGRfla»KEGRN*, 3*JK$MI 
TIMlcStffTS (H3, Xf^7'S35) CitCj: 
0. j^^XOlWft^L/fciEMttS^^MT I M 

0MAP = (0MAPT- (9MAPO) 



[0049]i<xf^s54r«, (6) «cj: 

0, jEKEGR^KEGRNtlttHT*. 
[0 050] 

K E GRN = l -g i n/T I M 
»cx^*:/S5 5-c;K5£ (7) cc J: 0 , 

[0 05 1 ] 



• (6) 



EB) x gc •» (7) 

★ [oo5 3]i5«, m&j&kmmo map ^nm-rz 

[0054]^r^7 , S6im ^>^>@IE»NE 
RVMM*Bftm*tK. P B A tCJCS C t8S £ ti/cE GRt 

7^0MAP7.;^e> k ^tau/cNEfiiao'PB 

AfflfCjSOrEGR*7^©S**JcK!Fj80MAPO* 
R#HJU X f 7 7* S 6 2 r «^Stcgg ? ti/c E G R 
t>l^ffl^)0MAPv ^ y'&hs tfcttiOfcNEffiatfP 
B A fftCIfc CT E G R * >B*©»*.£*BSffl 0 M A P T 

[0 05 5] i<Xf7 7 , S6 3rii, IXA (8) «CJ: 
0 W*! <9MAP£|§LttJ-r£o 

[0 056] 



x ( 1 -KE GRN) 



/ ( 1 -KEGR) 
S (8) CC<fc*itf % EGRt7fif»KEGRN=14& 
5 (BMlES; (6 ) &C*$l>Tsr i n = 0 i&S/pfc-C* 
4) OT, 0MAP=0MAPOi&5-^ EGR^ 
>B*ttK E GR = KE GR Ntfjft&T £t£S§*C«: 0 MA 
P=0MAPT£&D> KEGR^KEGRN(D(tlt 
« 6 MA P ffitS (9 M A P imt 0 M A P Offi^jSffiffiM 
l/fcffiift*. CftCCfctK EGR*>B$CCfct>Ttt, 

e g R^Fs^aas^/^ <Dm%micj& c x&m 3 tx/ciER* 

EGRftftKEGRN 6 MAP ifi 

[0 05 7] tt*j % 49m0fCCi*l>Ttt» EGR#2 2 
<0#WKJHHfLCMD«: % EGRflHRKEGRCCJtC 

[oo58]i8it mimmm mmmmmm) t o 

^^Att k TDC«*a>»^»«:c*i4BJHLr* 
?T3ft& 0 

*©^^^^*fc^^fcc«fcO«S«stc»A 
fit ^>^>*STWRC>'gRM < grt^JEPBA^jSD 
BAffl(D<*UHB«:iSDrS*m3*i*. C©i*ifiM«: 

[0 06 0]«<Xf^S2rtt, HJ8*AKC«$% 
5fe9^B<Dlfll CDMiE^KASt>*KB^SaiT4o 
[0 06 1 ] «ri©»jEflHRKA. KBtt, Ml 0 
(a) {C5Vr«fc5«C, x>$/>@^NECCj£DT»3£ 
3*l£o iSS*A&C«*%*0*BOariCD}fijE 
i^KA, KBtt, <!:&CCNEtf#i|ArrS«<!f^c»< 

[0 0 6 2] CCt, x>y>HW»NE#JJW-* 
4, ^1 (DfflIE^KA3, KB 3£*ifln3i*&<£>tt:, 

Tc y 1 (N) =T I Mx K t o t 

Ct-C (N) tt, «W#^*7J*U CtlWJtlfcA7 

§mfi]«K|?tB3n£ e TIMtt, ii^SK 

NESVR«Brtlft*rBEPBA«CJC6D'rffta3tiS. K 
total (N) S®*fe>1f^6COx>^>3||£/N- 

LS?) <D?Sr&& 0 /c/c*L ( 0 2 *fe>if 1 2©HWjk: 50 
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+ 0MAPO - (8) 

* ASCW«^Q*BaVi|aD a r&C£€Ctt«^6r*«. 
[0 06 3]g<Xf ^7*S73m EGR77^F 
EGR#m*S***B(U *<DaF3W1tje (YE 
S) , WftEGR#BI#i*i©i*tt % H4©Xf 
5 4r»ffl3ti*tiE«EGRfl«KEGRN«cj6i;r. 
itt**AS^^*0B<D*2©«iE«»KEA > KE 
B^UJb, ^^»^S7 6K:Jttf. fft20ffliE^K 
EA. KEB^ «*»*H1 0(b) ec^-Tcfc^tC ( 1 

io -kegrn) fflecjtcrRgsiirir**. mi o 

(b) (D1RH ( 1 - KEGRN) tt % fj?IE5£ (8) J: 
0. i n/T I M&C^L< . jE«*<DS8fc* (EGR^F 

SBfc*) EGRR/RNCCtB^j-r*. 
[ 0 0 6 4 ] M 1 0 ( b ) tC^T J: 5 tc % JEttil»*E 
GRR/RN^#<«cS«t* % KEAlMKEBf 

20 [0 06 5] Xf77"S7 3©§^ (NO) . 

F E GR = OT^ot, EGR#H^Oi*tt, »2 
OSiE«»KEA. KEB^ife^Il.OiU <* 
f-;7*S74) % ZsT-vJS 7 6^Cii0 0 
[0 06 6] ^f-^S7 6*Cii, (9K (1 
0) fcJ:D, ffiIEmmmAeRZ?ffi]Eft-h3k*)mBe$: 
MHU Ifc ( 1 - Ae) Rtf ( 1 - Be) ^tr 
Uf-;7'S77) Xf-^S 7 8Kjifr e 
[0067] Ae=AxKAxKEA • (9) 

B e = BXKBXKE B »- (10) 

30 Aet (1 -Ae) ffifttf (1 -Be) «» % 

f^T£l2 9©:7u^A^ttfflT£<DT % ECU5ft 
(DRAMCC«ffi0r*5< o 

[006 8]Xf^S78r(t x>S>>CD^IUjB#^ 
«***WU *©*WtS (YES) Oi*CCW, M 

«&ffl©s*«SBaT i icm^xjimmmmT o u t * 

JKtil, (xf^7'S84) , *^n^^A%*?T*r^. 
XTvzfS 7 8<DSifiSM (NO) „ JPftteW^rttW 

aj6rs»wfijE3iT total 

tt»©B#SB«T c y 1 (N ) ^r^^ ( 1 1 ) CC J: 0 
SLfctJ-T^) (Xf^7*S79) . 
[006 9] 
a 1 (N) -(11) 



40 



[0 07 0] Xf77*S8 0m ^S(12) ic<fc 

TNET = Tcyl ( N) + T t o t a 1 - B e xTW 
P (N) - (12) CCt t T t o t a 1 te&ig-fe: 



11 



Cm) <Dmv&2> 0 tctcL. «»r5*t0»B*raTVtt£r 

*&t». twp (N) b, igo^a^AWotg 
US ti*B««f«WI8»«: 3Htf> 9 % (Bex 

twp (n> > &fmttmmm&m&micfti=>£;t> 

cyl (N) ffifr6C©#*«»^£J;5teUT^*© [0 07 2 ] 

T'&£ 0 * 

Tout=TNET (N)/AeXK02+TV 



(7) ^pB¥5- 1 1 8 2 3 9 
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* [007 1]^f^'S8 1TB, ^ (1 2) ^.fcoT 
Stiil/cTNE TffitfffiO <fc 9**t»*g**49JB!lU 
*©S#5S (NO) % HP%TNET£0<D£*W:B. 
M«*HTou t^0iir$7*p^7A^7f 

^r^7'S8 lOS^tS (YE S) , IP^TNE 
T>0 <D£SfcB* ^(13) ToutM 



S ti *a«8lt?iiE«»r* 0, TV B^l$W»iEflrr 
[0 0 7 3 ] SC ( 1 3) KJ:ot*W«*ifcTou t fit 
(TNET (N) xK02+BeXTWP (N) ) Ccffl 
[0074]i9^ ©affffffilTWP (N) * 

7A«, »7>^HOlfr^A (0liLt23O|t> SHE* 20 

K:#&£-r ^^7>^;m o^at t c raw i/ TH?f s n 

[0 07 5] Xf^'S9 im ^likD^n^A 

T*r©j(BiB (bit r«tt(Haimnj ±i>5) rtcc*s 

^***«(IU (YES) ©£*CCB, 

^1(D77^FCTWP (N) *«0CC»£LT (Xf^ 

TWP (N) = (1-Be) XTWP (N) 
+ ( 1 -Ae) x (To u t 
CCtTWP (N) (n- 1 ) BTWP (N) (DrnMHB 
Tout (N) B, H8(D^P^vA-T»HJ3 

[0 07 8] itulBX^? 9 3 er>S#1f ^ (YE 
S) , !P%7 A iJl/*2» h*<Di#tCtt, ^2CD77^* 

TWP (N) = (1-Be) XTWP (N) 



-(13) 

i©s#gje (no), w%*»#»«Bi»mrtrac»4* 

CCB, BUfB^KD^^^FCTWP (N) #ffil"C*<5 
frg*>*¥flJ3'J"r* (Xt->7'S92) 0 COStfWS 
(YES) % IR^FCTWP (N) = 1 CD £ £ cc BE % 
(tCXt vy'S 1 0 ICCil*. (NO) , WfcFCT 

WP (N) = 0®<fc#K:«. y^^ijy h (j$?4{fef& 

[0 07 6 ] ^f-;7'S9 3(DS^SS (NO) % g|J^ 
^^x;l/^7 * h4n?&UCD<h^CB, ^ ( 1 4 ) teJ: 
D^«tt»IW«TWP (N) (Xf-yZfS 
94) % ff!2<£>:7^FTWPR (N) SrffiOfc:, $fc 
S1©77^FCTWP (N) £{Bl CC*4ve*iR£l/ 
r (xf^s 100, s 1 0 1 ) % $7*n^7A^ 

[0 07 7 ] 



(n- 1 ) 

(N) -TV) ... (14) 

30*FTWPR (N) 3&«|Il-C*S3&>53^*«JJ(|r* Uf 
?^S9 5). CCDSaWWje (YES) , BPfeFTWP 
R (N) = l<D4#CC»e%{c«rffiX-r^^S 101(C 
it*, gS (NO) % IP^FTWPR (N) = Q(D±& 
KB, 33(15) tCiorftt^lTWP (N) * 
HtHC* (Xf^7'S96) % ^7"S9 7*Ciitf. 
[0 079] 



(n- 1 ) 



s ( 1 5) b» mrie^ (14) 3^6^ja»2 3B*iwi»u 

[0 08 0] Xf-vZfS 9 7ttt, TWP (N) {ftf& 
/NS JQH T W P L G ct 0 A # I > *5#» *««U L % %<D& 
(YES) , IP*>TWP (N) >TWPLGce>£ 
*«CB % WBBXf-tr^S 1 0 OCCilOo Xf *^S97 
©S^5S (NO) IP^TWP (N) ^TWPLG<7)± 
*«CB, TWP (N) = 0<hb Uf^7'S98) % % 
2©77^FTWPR (N) ifilJCSaSU (X7v 
^S99) % KBXf-y7S 1 0 1 CCjitf. 

[0 08 1 ] H9©^n^ACC<tO, iR«e#«18*4 50 



(1 5) 



iTWP (N) «ttBEJ:<llttUrftc&«sr* 1 men 
m^n/cTWP (N) fi«rH8©^P^ACC*j^r*8 

[0 08 2 ] *toHafc«rB, i8$AS^^S^ 
JEWSSfc^EGRR/RN (= 1 — KEGRN) 
tcj6i;r»IH3ti*»2©«iE«H»KEA. KEBCCJ: 
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[0083] micxmrnm-ciz* egr#rc«b*#* 
©tw$(±**rtt lx mtHs titcsEmmmm egrr/r 

NKj6DTMiEff»KEA, K E B S«fc 5tc U 

[0 084])ite. Jlt2©fttiEffiftl*. KEA. KEB 
«. iEl!*ji^EGRR/RN-C«fcC< . SUfiE^EGR 
R/R ( = 1 - KEGR> KEGRIJ13 0^f i-T'S 
3 2fff(±J^tl^EGR^-C*S> . XBEGR#2 
2©#f3gJ§<4HlLCMD3g : L< fiV^ F-fe>1f2 3&C 

i -5 r&msftsjii^SL a c TicfZ-cxnm vx & 

cfcU. &at9%K2 7©j&#fCj£SH-*S:». 
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